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Introduction
Iron deficiency is one of the most prevalent micronutrient deficiencies all around the world, including Iran (1) . The World Health Organization (WHO) has estimated that some two billion people are affected by iron deficiency anemia (IDA). Despite the attempts made during the last two decades to eradicate this problem, it still persists, especially in the developing countries (2) . Infants, preschool children, adolescents and especially girls and women in child-bearing years as well as pregnant women are vulnerable subpopulations (3) (4) (5) . Iron deficiency (either with or without anemia) has many adverse health consequences for both children and adults. Infants born to anemic mothers are at greater risk of perinatal death. Impaired mental and physical functions can also occur due to iron deficiency. Factors contributing in iron deficiency are many including low intake from dietary sources, poor dietary habits, increased iron loss, repeated infections, and poor bioavailability of iron in foods. In the first National Investigation of Micronutrients Survey (NIMS), 14.5% of the Iranian adults of both sexes were found to have IDA. On the other hand, in the Comprehensive Household Food Consumption Survey (CHFCS) the per capita iron intake was reported 15 mg a day. However, over 80% of dietary iron in Iran has plant origin, mostly from bread and cereals (54.2%) (6) 
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evaluate the availability of iron from the fortified breads. Human studies of iron bioavailability are usually very expensive and may necessitate using tracer iron (7) . Animal models could be suitable alternatives but they do not eliminate the need for radioisotope iron and their response might be different from that of humans (8) . The need for a tracer iron is a very huge limitation for this sort of studies. The in vitro methods for evaluating iron bioavailability could be rapid and less expensive alternative. In one of the mostly used methods, gastric and intestinal digestion and absorption are simulated in vitro using caco-2 cell culture (9) . In this method, ferritin formation by caco-2 cells is considered as a functional indicator of both absorption and utilization of iron in the tested material. However, as iron is measured in the tested material and then ferritin concentration is measured in caco-2 cell lysate, it is almost impossible to have a concrete measure of iron bioavailability because the percent of absorbable iron cannot be calculated from the ferritin concentration of caco-2 cell lysate. As a result, this method is commonly used to compare the bioavailability of iron from different food sources or to investigate the effects of enhancers and inhibitors (10) (11) (12) (13) (14) . To overcome this problem, we modified the original method by making a standard curve of bioavailability using ferrous sulfate tablet and then comparing the bioavailability of the tested material to that of standard with similar iron concentration in the standard curve.
Materials and Methods
Preparation of standards: Ferrous sulfate tablet containing 50 mg of elemental iron was crushed and made to the volume of 10 mL using double distilled water (DDW). From this stock solution (500 mg/dL), working solutions of 1.25, 2.5 and 5.0 mg/dL were prepared. Sample preparation: In this study, we used one kind of Iranian traditional flat breads (Sangak) to set up the method. The bread samples were completely dried by keeping at 70 °C for 5.0 hrs. Then they were powdered using a blender, pooled and divided into five replicates. In vitro digestion: One gram of each of the pooled samples or 1 mL of the working standards was transferred into clean acid-washed 15 mL screw cap tubes, and the pH was adjusted to 2 using 5.0 M HCl. The whole remaining steps afterwards were similar for both samples and standards. To each 1.0 mL of sample, 0.05 mL freshly prepared pepsin (SigmaAldrich, porcine: cat no. P-7000) in 0.1 M HCl (800-2500 units/mg protein) was added. The tubes were then kept on horizontal mixer at 55 oscillations/min for 60 min at room temperature (RT). Then 0.1 g of pancreatin (Sigma-Aldrich, porcine: cat. No. P-1750) and 0.6 g of bile extract (deoxycholin-glycine, taurine and other bile salts conjugates) (SigmaAldrich, porcine: cat. No.B-8631) were dissolved in 50 mL of 0.1 M NaHCO 3 . To simulate the intestinal digestion, the sample's pH was adjusted to 7 using 1 M NaHCO 3 drip. Then 2.5 mL of fresh pancreatinbile extract was added to each 10 mL sample. The pH of this preparation was adjusted to 7.4 using 1 M NaOH, and the final volume was made to 15 mL using 120 mM NaCl and 5mM KCl (1:1). Cell culture and biochemical assays: Caco-2 cells in passages 26-30 were purchased from Iran Pasteur Institute. The cells were transferred into a 6-well plate in 50,000 cell/cm 2 in the same day of purchasing. Then they were incubated in Dulbecco's Modified Eagle Medium (DMEM, D7777) containing 10% fetal calf serum (FCS, Gibco, UK), and 1% antibiotic-antifungal mixture (SigmaAldrich, A5955) at 37 °C and 5% CO 2 . The medium was changed every 2-3 days. The cells were, finally, used for bioavailability experiment after 14 days of incubation.
To prepare cells for iron uptake, the medium was removed from the well, and the cells were washed with 1 mL Hank's solution (Sigma-Aldrich) twice. Then they were covered with 1 mL DMEM. Dialysis membrane (cutoff: 15 kDa) was prepared by boiling in 1mM Na 2 CO 3 :10 mM EDTA (1:1, v/v) for 30 minutes and then rinsing in DDW. An insert with a prepared dialysis membrane was put in each well making two chambers. 1.5 mL of the digest was transferred to the upper chamber. The samples and standards were tested in triplicates, and one well in each plate was used as blank by transferring DMEM instead of digest to the upper chamber of the well. The plate was lidded and incubated at 37°C and 5% CO 2 for 120 minutes. Then the insert was removed and the cells were incubated under the same conditions again for 22 hrs. Then the cells, after removing the above solution, were washed with phosphate-buffered saline (PBS, pH 7.4) twice. After removing the washing buffer, the cells were harvested using 20 μL trypsin (0.2% trypsin in 0.5% EDTA). The harvested cells were suspended in 2 mL DDW and then centrifuged at 2000 g at RT for 10 minutes. The supernatant was discarded, and the Downloaded from nfsr.sbmu.ac.ir at 8:11 +0330 on Friday January 4th 2019
[ DOI: 10.18869/acadpub.nfsr.3.3.11 ] sediment was re-suspended in 1 mL DWW. Then the suspended cells were crushed using 60 seconds homogenization at 20'000 rmp at RT (Heidolph, Silent Crusher M, Germany). The lysate was centrifuged for 10 min at 2000 g at RT. The supernatant was transferred to a clean microtube and kept at -80 °C for further ferritin assay using the enzyme-linked immunosorbent assay (ELISA) (PishtazTeb, Tehran, IR).
Iron concentration in the samples was measured using spectrophotometric assay, which was shown to give comparable result with atomic absorption spectroscopy (15) .
Protein concentration of the lysate was assayed using Bradford's method (16) . The results were expressed as ng ferritin/mg protein. The standard curve was plotted using iron concentration and ferritin/protein ratio in the X and Y axes, respectively. Iron bioavailability from the bread was then estimated by comparing to that of standard with similar iron concentration in the standard curve. The linear equation was calculated using Excel 2013. The percent of iron bioavailability was calculated as: Table 1 shows the amount of iron in different stages of the analysis. As 1g of bread (containing ~ 10.9 μg iron) was digested and made to the final volume of 15 mL, the initial concentration would be about 72.7 μg/dL. Of this, some 67% was recovered in the digest. However, the concentration of iron decreased following dialysis down to 11 μg/dL equaling 15.2% of the initial amount of iron in the tested bread. Figure 2 Using this equation, the bioavailability of iron from the tested bread was 79.76 ± 11.5% of ferrous sulfate. Considering that the bioavailability of iron from ferrous sulfate supplement is about 10% (17), the estimated bioavailability of iron from the tested bread could be regarded about 8%. 
Results

Discussion
We used ferrous sulfate tablet as a standard to evaluate iron bioavailability from the tested food, i.e. one of the Iranian traditional flat bread (Sangak). This modification enabled us to determine the sensitivity of the method at different concentrations by plotting a standard curve and also to have a more tangible evaluation of iron bioavailability of the tested material. The range of reported non-heme iron bioavailability is very wide, from 0.7% to 22.9% (18) . We found that the amount of iron in Sangak bread is relatively small but its bioavailability is rather high, ~8%. Traditionally, Sangak is baked by whole wheat flour, which is the only flour that is not currently fortified with iron in Iran.
The described original method was used to evaluate iron bioavailability from different food stuffs (9, 19) . However, it is mostly employed to compare iron bioavailability from different dietary sources and to examine the effects of inhibitors or enhancers of iron absorption (12, 14, (20) (21) (22) (23) (24) . While this new modification allows making an estimation of iron bioavailability from the tested food. Recently, iron bioavailability from different drug preparations was compared to ultra-pure powder of ferrous sulfate as a standard (25) . However, the concentration of the standard was not reported. Besides, there is no data on iron bioavailability from ultra-pure ferrous sulfate powder, so no estimation of iron absorption from the tested materials could be made. Because of these, actually that method could not go beyond comparison of iron bioavailability among the preparations (25) .
Dialyzability of iron has also been employed as a proxy to evaluate iron bioavailability from different food materials (26) (27) (28) . We found that 15.3% of the initial iron in the tested bread was dialyzable. Though this percentage could be used to compare bioavailability of iron from different foods, it does not reveal the actual amount of the available iron. The amount of animal tissue, ascorbic acid, phytic acid, fiber and calcium in the tested food can all affect the actual amount of the dialyzable iron (27, 28) .
Originally, sonication and scraping were used to crush and harvest cells from the wells (14) . To minimize the harvesting error, we treated the cells by trypsin and then made a lysate by a homogenizer. Centrifugation of the lysate in the next step would give a clear solution, which is ideal for biochemical assay for ferritin. This modification has a further advantage of being remarkably less time-taking.
In the current study, for the first time, we included a blank well in each plate. In this modification, the concentrations of ferritin and protein were assayed, and the ferritin/protein ratio was calculated for the blank well and then subtracted from those of both standards and samples. The changes in the ferritin/protein ratios were, therefore, solely due to the treatment of the cells by standard or sample digests. Some limitations of this study should be acknowledged. In the current modified method, like any other in vitro methods, one of the most important determinants of iron bioavailability cannot be considered, which is the host iron status (29) . Secondly, bioavailability of iron from a single food in an in vitro model may not necessarily be the same as in a mixed diet in the gastrointestinal tract.
However, similar to the original method, the modified method has a high precision and sensitivity with the advantage of making an estimation of the actual amount of absorbable iron from the tested food. This method can be employed to optimize the iron fortificant and also to adjust the amount of absorbable iron in the target population for further fortification program (30) . Further studies are needed to examine if this modified method can be used to evaluate iron bioavailability from a mixed diet.
